abstract New Zealand flower thrips, Thrips obscuratus (Crawford) (NZFT), feeds on the nectar and pollen of stonefruit flowers and was thought to then disappear from orchards for 2-3 months until the fruit ripen. Aerial populations of NZFT were sampled in Central Otago orchards using white sticky traps. Samples were taken in a peach orchard for 6 months from flowering until after harvest and in two cherry orchards for six weeks during harvest. In all three orchards, populations of NZFT reached high numbers in December. In the peach block NZFT numbers peaked in December, several weeks before the fruit began to ripen. It was concluded that NZFT can live in stonefruit orchards, probably feeding on newly emerged leaves of peaches or cherries, or in the vegetation of the irrigated orchard floor. Trapped thrips could also have come from other blocks within the larger orchard areas or from outside sources.
. However, it has never been established that NZFT actually disappears from stonefruit orchards between flowering and harvest, nor has it been established that flowers or fruit are necessary for its survival in an orchard. Since NZFT completes about seven generations per growing season in Central Otago, it is possible for it to move between a variety of host plants in any one season (Teulon & Penman 1990; McLaren & Fraser 1998) . The aim of the current research was to use traps to determine if NZFT survives in stonefruit orchards between shuck fall and harvest.
MetHods traps
Traps for adult thrips were constructed from white plastic corflute (190 x 180 mm 2 ) coated on one side with a sticky glue (HO633.2 ® ) applied at the rate of 5.5 g/trap using a custom-made spray applicator. Traps were attached to fruit tree branches by twist ties that were passed through holes drilled through two corners of the coreflute. The traps were installed approximately 1.7 m above the ground, with the sticky side facing north or east to ensure maximum light exposure each day. orchards and trap placement
One trial was conducted in a 3.7 ha commercial planting of three cultivars of peaches at the HortResearch Clyde Research Centre. This block was part of a 50 ha planting of stonefruit and pipfruit trees. . During spring, all blocks were protected from frost using overhead sprinklers (September-November). These sprinklers were then used for weekly irrigation on the peaches at Clyde while under-tree sprinklers were used to apply more frequent irrigation on the cherries at Roxburgh and Cromwell, so that, in the lead-up to harvest, all cherry trees were maintained at very high moisture levels. In all cases the inter-row space was occupied by grasses, clover and broad-leaf weeds which were mown every 2-3 weeks. A 2-3 metre wide strip under the trees was kept weed-free by annual herbicide applications at each site.
thrips catches
Sticky traps were changed every 2 weeks. Numbers of thrips/trap were recorded in the field in one week and the laboratory the next, after the traps had been removed. Identification of doubtful specimens was confirmed in the laboratory, using a ×10 handlens. A small proportion of thrips (<5% of the sample) were small and palecoloured. These were not included in the tally as it was impossible to separate specimens of Thrips tabaci from pale T. obscuratus when they were embedded in the sticky glue. statistics For the Clyde peach data, there were sufficient trapping occasions to allow an iterative procedure to be used to estimate the daily trap catch (P.A. Alspach, unpubl. data). Briefly, the procedure used the mean catch per trap per day as the initial estimate. A locally weighted regression was fitted to these values to give an estimated functional form. A revised estimated catch per trap per day was then computed using this form as a basis for weighting the average. Iteration continued until the estimates had stabilised. The estimated mean numbers of thrips per trap per day, on the days of trap clearance, were log-transformed and subject to linear mixed effects modelling with date as the fixed effect factor and trap as the random effect. Exploratory plots revealed that even after transformation, the variances at any date tended to be higher when the catch was higher. This within-group variance structure was accommodated using an exponential function of the variance covariate (Pinheiro & Bates 2000) . The cherry data were also log-transformed, after dividing the counts for each trap by the number of days for which it was set. Means and standard errors were computed for each time separately and are presented in a bar chart, along with estimates from the peach data, for comparison. The programme R 2.2.1 (R Development Core Team 2005) was used for all statistical analyses.
results
Numbers of NZFT trapped per day in the peaches increased steadily from late October, reaching a peak towards the end of December 2005 (Fig. 1) . Numbers began to decline in January. This decrease in numbers became more rapid after harvest. The decline in numbers of adult NZFT during January and early February 2006 was confirmed by results from a different trap array (G.F. McLaren, unpubl. data). The greatest increase in numbers occurred very soon after the application of chlorpyrifos on 6 December 2005.
In the two cherry blocks, the levels of NZFT catches were similar between orchards and between weeks (P>0.05), apart from the Roxburgh site where numbers were higher in late December to early January than in early December or late January (P<0.05) (Fig. 2) . Daily trap catches were remarkably similar between the three orchards, despite the considerable distances between them, especially the 80 km between the Cromwell and Roxburgh sites, and differences in harvest dates. Numbers of NZFT trapped were similar inside or on the edge of each cherry block (P>0.05). dIscussIon Teulon & Penman (1996) found that NZFT numbers peaked in peach blocks in December in Canterbury and these peaks coincided with the beginning of fruit ripening in both years of their study. They concluded that most NZFT adults found in orchards "appeared to have originated from elsewhere" rather than from within the orchard. The time of highest NZFT trap catches in the peach block in the current study was also December, but this timing did not coincide with the ripening of the late-maturing cultivars in the block. This raised doubts that all NZFT adults found on fruit had flown into the orchard to find ripening fruit. The results presented here suggest that NZFT can survive and increase within the orchard between shuck fall and harvest and complete several generations there. NZFT larvae have frequently been observed on the leaves of peaches in the past (G.F. McLaren, unpubl. data) and cherry leaves have been used as a medium for rearing NZFT (McLaren & Fraser 1998) . It has also been established that NZFT completes at least one generation on leaves of nectarine in the spring (McLaren & Fraser 2000) . Therefore, it seems that NZFT does not necessarily disperse from stonefruit orchards between flowering and harvest but can survive on growing tips and leaves, especially in irrigated orchards, where pupae can complete their development. Adult NZFT generally avoid sites with low humidity and full sunlight (McLaren & Fraser 2003) , and will seek sheltered, shady sites such as those offered by new leaves on growing tips. Peach trees set terminal shoot buds and cease to produce fresh leaves once fruit ripening has begun. Therefore, the decline in thrips catches in February/March may be associated as much with the absence of new vegetative growth as the absence of fruit.
Traps reflect the numbers of flying adults in the area, not necessarily the breeding populations on the tree. NZFT populations are known to be extremely mobile, shifting position both within and between trees through the day, probably to maximise their temperature and (high) relative humidity requirements (McLaren & Fraser 2003) . Thus adult thrips caught within a tree may be resident, or have arrived by migration or dispersal, but the size of the orchard plantings in which these trials were run (>50 ha) would suggest that orchard trees are likely to be the most significant source.
Although chlorpyrifos is known as a highly effective protectant against NZFT on nectarines in spring (McLaren & Fraser 2001) , the increase in trap catches within days of the application of chlorpyrifos demonstrated that insecticides applied for leafrollercontrol do not necessarily reduce thrips populations. In the absence of any suggestion of the development of insecticide resistance by NZFT, this result suggests that thrips are constantly moving, and may arrive from surrounding orchard trees and possibly adults emerging from pupae in the orchard floor.
All of the orchards in this study were maintained in a well-irrigated state. This contrasts with the orchards of Teulon & Penman (1996) that had severe water deficits over the growing season. Irrigation would allow the production of new peach foliage in which NZFT can breed and pupae survive on the ground. McLaren & Fraser (1998) estimated that NZFT would have completed seven generations in the 1997/98 season. Therefore, over the period of the current study, several generations were possible within the orchard.
There is other evidence that NZFT can survive on vegetative parts of the plant. Martin & Mound (2004) found NZFT larvae and adults feeding on expanding buds of Pittosporum tenuifolium. It is therefore concluded that NZFT is not restricted in its food supply to pollen, nectar or fruit juice, and hence the assumption that NZFT populations in stonefruit orchards are ephemeral is incorrect. Modern stonefruit orchards, that are both irrigated and closely-planted, probably provide an excellent habitat for NZFT and have become a substitute for its original habitat of native bush and scrublands. It is recognised that NZFT has a very wide host range, so stonefruit orchards will not be the sole source of thrips to infest ripening fruit at harvest time, but they are likely to be a significant contributor. The possibility that orchards are a permanent habitat for NZFT has major implications for methods of controlling them. For example, managed biological control of NZFT, which has not previously been considered, may be a valuable control strategy.
